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The earth breathes energy like we breathe air. Light energy comes in from the sun in the form of photons, About 30%
of the light energy is reflected back out off of clouds, atmosphere, or off of snow and ice on the ice caps. {That's one
reason why melting of the Arctic ice sheet is contributes to warming the earth, because it isn’t reflecting the sun's
energy out).

The other 70% of the light energy lands on soil or ocean and is absorbed. When the sun energy stops at night, radiant
heat is released from the ground and water into the atmosphere. Some of it is caught in a chemical reaction with
water and CO2 and absorbed or reflected back to earth. Some of the heat escapes to the upper atmosphere and after
acquiring enough heat, punches out of our atmosphere completely.

Light energy in, light and radiant energy out. When we hold some of that energy in with the greenhouse gasses, it
keeps the temperature 59 degrees F warmer than it would be without them.

There are about 750 gigatons of CO2 moving into the atmosphere naturally from the ocean, land and vegetation, and
about 750 gigatons of CO2 moving out of the atmosphere naturally into the oceans, land and vegetation. We added
38.5 gigatons globally in 2011, 90% of which was from burning fossil fuels, and 10 % from land use. The aceans and
land have been absorbing about 40% of that extra CO2, but 50% of it can’t be absorbed and is left in the atmosphere.
Plus the oceans and land and vegetation are absorbing less than they used to.
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The natural cycle adds and removes CO2 to keep a balance; humans add extra CO2 without
removing any.

Before the industrial revolution, the CO?2 content in the air remained quite steady for thousands of years.
Natural CO2 is not static, however. It is generated by natural processes, and absorbed by others.

As you can see in Figure 1, natural land and ocean carbon remains roughly in balance and have done so for a
long time — and we know this because we can measure historic levels of CO2 in the atmosphere both directly
(in ice cores) and indirectly (through proxies).

The Global Carbon Cycle

Figure 1: Global carbon cycle. Numbers represent flux of carbon dioxide in gigatons (Source: Figure 7.3,
IPCC ARA4).

But consider what happens when more CO2 is released from outside of the natural carbon cycle — by burning
fossil fuels. Although our output of 29 gigatons of CO2 is tiny compared to the 750 gigatons moving through
the carbon cycle each year, it adds up because the land and ocean cannot absorb all of the extra CO2. About
40% of this additional CO? is absorbed. The rest remains in the atmosphere, and as a consequence,
atmospheric CO2 is at its highest level in 15 to 20 million years (Tripati 2009). (A natural change of 100ppm
normally takes 5,000 to 20,000 years. The recent increase of 100ppm has taken just 120 years).

Human CO?2 emissions upset the natural balance of the carbon cycle. Man-made CO2 in the atmosphere has
increased by a third since the pre-industrial era, creating an artificial forcing of global temperatures which is
warming the planet. While fossil-fuel derived CO2 is a very small component of the global carbon cycle, the
extra CO?2 is cumulative because the natural carbon exchange cannot absorb all the additional COZ.

The level of atmospheric CO2 is building up, the additional CO2 is being produced by burning fossil
fuels, and that build up is accelerating.
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Global Carbon Budget
Highlights

Emissions from fossil fuels and cement

CO; emissions from fossil fuels burning and cement production
increased by 3% in 2011, with a total of 9.5%0.5 PgC emitted to the
atmosphere (34.7 billion tonnes of CO;). These emissions were the
highest in human history and 54% higher than in 1990 (the Kyoto
Protocol reference year). In 2011, coal burning was responsible for 43%
of the total emissions, oil 34%, gas 18%, and cement 5%.

CO, emissions from fossil fuels burning and cement production are projected
to increase by 2.6% in 2012, to a record high of 9.7+£0.5 PgC (35.6 billion
tonnes of COy).

CO, emissions from fossil fuel and other industrial processes are calculated
by the Carbon Dioxide Information Analysis Center of the US Oak Ridge
National Laboratory. For the period 1959 to 2009 the calculations were
based on United Nations Energy Statistics and cement data from the US
Geological Survey, and for the years 2010 and 2011 the calculations were
based on BP energy data.

Uncertainty of the global fossil fuel CO; is estimated at +5% (1 sigma
bounds based on the 10% at +2 sigma bounds published by Andres et al.
- 2012).

Uncertainty of emissions from individual countries can be larger.

The 2012 projection of 2.6% growth is based on the world GDP projection of
3.3% made by the International Monetary Fund and our estimate of
improvements in the fossil intensity of the economy of 0.7%.

Regional fossil fuel emissions

The biggest contributors to global emissions in 2011 were China (2.5 -
PgC, 28%), the United States (1.5 PgC, 16%), the European Union
(EU27; 1.0 PgC, 11%), and India (0.6 PgC, 7%). Contributions to global
. emissions growth in 2011 were largest from China (0.226 PgC above
2010 levels, 9.9% growth) and India (0.043 PgC, 7.5%). Emissions from
USA were down by 0.028 (-1.8%) and EU27 down by 0.029 PgC (-2.8%).
Developing nations accounted for 60% of all emissions in 2011.
Average per capita emissions of developed countries (Annex B) were
3.0tC/person, several times larger than those of developing countries
(non-Annex B) which were 0.9tC/person. China's per capita emissions
were 1.8 tC/person and are now close to the average of 2.0 in the EU-
27. India's per capita emissions were much below at 0.5 tC/person.
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Consumption-based fossil fuel emissions

Consumption-based emissions allocate emissions to where goods and
services are consumed (not where they are produced and emissions
released). The net emission transfer via international trade between
developing countries (non-Annex B countries) and developed
countries (Annex B countries) has increased from 0.03 PgC in 1990 to
0.38 PgC in 2010, with an average annual growth rate of 10%. The
increase in net emission transfers of 0.35 PgC from 1990 to 2008
compares with the emission reduction of 0.2 PgC in developed
countries.

This accounting framework tries to address the growing issue of countries
outsourcing CO, emissions by consuming goods, which are manufactured
outside of the country. In 2010 (the latest year with consumption data), the
biggest emitters from a territorial-based perspective were China (26%), USA
(18%), EU (12%), and India (7%), while the biggest emitters from a
consumption-based perspective were China (22%), USA (18%), EU (15%),
and India (6%).

g£.. . Emissions from land-use change

CO, emissions from deforestation and other land-use change were
.9+0.5 PgC in 2011. For the period 2002-2011, land-use change

| emissions accounted for 10% of all emissions from human activity

. (fossil fuel, cement, land-use change). The data suggest an overall

+ decrease trend in land-use change emissions particularly since 2000.
. The implementation of new land policies, higher law enforcement to

stop illegal deforestation, and new afforestation and regrowth of
previously deforested areas could all have contributed to this decline.

" Total emissions from human activity in 2011 (fossil fuel, cement, land-use

change) were 10.4+0.7 PgC. Emissions from land-use change were 36% of
the total human emissions in 1960, 18% in 1990, and 9% in 2011.
Uncertainty for all land-use change emission estimates remains large. CO;
emissions from land-use change are mainly based on forest statistics of the
Food and Agriculture Organization and a bookkeeping method, and include
interannual variability in deforestations based on fire activity from year 1897
onwards.

Emission pathways

Current trajectories of fossil fuel emissions are tracking some of the
most carbon intensive emission scenarios used in the
Intergovermental Panel of Climate Change (IPCC). The current
trajectory is tracking the Representative Concentration Pathway 8.5 (of
the latest family of IPCC scenarios) that takes the planet to about 4°C
to 6.1°C above pre-industrial times by 2100.

Long-term emissions scenarios are designed to represent a range of
plausible emission trajectories as input for climate change research. The



IPCC process has resulted in four generations of emissions scenarios:
Scientific Assessment 1990 (SA90), IPCC Scenarios 1992 (1S92), Special
Report on Emissions Scenarios (SRES), and the evolving Representative
Concentration Pathways (RCPs) to be used in the upcoming IPCC Fifth
Assessment Report. The RCPs were developed by the research community
as a new, parallel process of scenario development, whereby climate models
are run using the RCPs while simultaneously socioeconomic and emission
scenarios are developed that span the range of the RCPs and beyond.

CO, removals by natural sinks

Of the total emissions from human activities during the period 2002-
2011, 46% accumulated in the atmosphere, 26% in the ocean and 28%
on land. During this period, the size of the natural sinks have grown

. almost at the same pace as the growth in emissions, although year-to-
. year variability is large. Climate phenomena such as the warm
Southern Oscillation-El Nifio can even turn the net land sink into a net
source for brief periods.

The ocean sink is estimated by using an ensemble of 6 ocean-process
models for 1959-2009, and with a subset of these models for 2010-11. The
models were normalized to the observed mean land and ocean sinks for
1990-2000, estimated from a range of oceanic and atmospheric
observations. Models were forced with meteorological data from the US
national Centers for Environmental Prediction and atmospheric CO,
concentration . The land sink is calculated as the residual of the sum of all
sources minus the sum of the atmosphere and ocean sinks.

| Atmospheric CO»

The annual growth rate of atmospheric CO; was 1.7040.09 ppm in 2011
(ppm = parts per million), slightly below the average growth rate of 2
ppm of the past 10 years (2002-2011). The average growth rate for the
decade 1990-1999 was 1.5%0.1 ppm, and was 1.6%0.1 for the decade
1980-1989. The atmospheric CO, concentration was 390 ppm in 2011
on average, 40% above the concentration at the start of the Industrial

' Revolution (about 278 ppm in 1750). The present concentration is the
highest during at least the last 800,000 years.

The accumulation of atmospheric CO; in 2011 was 3.6+0.2 Pg C, with a total
cumulative of 161.3 PgC since the beginning of atmospheric high precision
measurements in 1959 and 240 PgC since 1750. The rates of atmospheric
CO; accumulation are influenced by both the anthropogenic emissions and
the net uptake by natural sinks (ocean and land), and their interannual
variability is large.

Accumulation of atmospheric CO; is the most accurately measured quantity
in the global carbon budget. The uncertainty around the annual growth rate
based on the multiple stations dataset ranges between 0.11 and 0.72 PgC
yr1, with a mean of 0.61 PgC yr1 for 1859-1980 and 0.18 PgC yr1 for 1980—




2011, when a larger set of stations were available.

The data is provided by the US National Oceanic and Atmospheric
Administration Earth System Research Laborato and includes data from
the Scripps Institution of Oceanography.




